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ABSTEACT 

Feed effects on tool-life parameters are investigated 
■by using radioactive tools, ^*^Co being the radiotracer. Ortho- 
gonal cutting conditions (using tubes) vere achieved, to 
obtain repeatable and unambianous results. Feed parameters 
obtained by multifeed testing were compared with those 
obtained by extending multisneed tests and conventional tests 
(using microscope). A novel method which gives the behaviour 
of crater and flank wear from certain considerations of the 
total wear volume measurements has been proposed and some 
experimental validation was achieved. For the tool/work combi- 
nation investigated, the proposed method gave reasonable 
results. It is shown that more reliable results maj^ be 
obtained if the inverse wear-rate curves are' better de'<^ined. 



CHAPTER I 


IIJTRODUCTIOH 

The need for accurate, rapid assessnent of tool 
life has become more crucial in recent years, v;ith the 
development of numerically controlled machine-tools and the 
increased application of various optimization technioues. 

The usual approach is the determination of certain cons- 
tants, vhich define an appropriate equation relating tool 
life to the machining variables involved. For some indus- 
trial applications, discrete values of tool -life may be 
preferred to tool life equations. However, for a general 
evaluation of economic conditions, there are obvious advan- 
tages in using a suitable equation. 

Conventional methods for tool -life testing require 
a great deal of time and material, considerable costs being 
involved in obtaining a relatively small amount of tool- 
life data. Accelerated tests have been suggested, but 
these do not always yield comprehensive results. In any 
case, the low sensitivity of conventional measuring tech- 
niques, e.g. microscopical measurements of wear-land width, 
remains a basic limitation in such tests. 

k number of investigators - 6] have reported 
the application of nuclear techniques for tool-life test- 
ing using radioactive tools (Sec. 2 . 3 ) • High sensitivity 
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is the characteristic feature of nuclear methods, and this 
may be illustrated by two recently reported, on-line aynli- 
cations of nuclear teclininues to nroduction processes. 

Thus, Askouri, et. al [ 7jused surface-activated dies to 
enable the direct monitoring of die wear in wire drawing, 
under normal industrial conditions. On-line control of 
process parameters was shown to be possible in nrinciple, 
something impossible to achieve if one uses conventional 
measuring techninues, e.g, micrometer measurements of the 
diameter of the dravm wire. Another illustrative example 
is the micro-isotope technique reported by Cook et, al [ 8 J 
for tool -wear sensing in numerically controlled machines. 

A microscopic amount of a radioisotope is brazed onto a 
particular point of the cutting tool, e.g,, at a point on 
the clearance face corresponding to a particular wear-land 
criterion, ifoen, in the process of cutting, the micro- 
isotope is carried away by the chips, a sensor focussed on 
the tool suddenly records zero activity and an appropriate 
instruction signal is fed to the machine. 

In the present work, the hi^ sensitivity of 
nuclear technique has been exploited for the development 
of rapid tool-life testing methods for studying feed 
effects, under controlled laboratory conditions. One 
proposed method is the multifeod approach, wherein the 
same cutting edge of a radioactive tool is used to generate 
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tool -life data, for a number of discrete feed values. A 
second method extends the scope of nultispced testing [19], 
wherein data from a suitable set of multispeod tests is 
used to deduce the effects of feed. 1 novel approach has 
also been presently suggested for the separation of I'lahk 
and crater contributions to total wear, and this lias been 
applied in a test for deducing feed effects on flank and 
crater wear separately, through, measurements of total 
wear volume alono. Comparisons of results for the nuclear 
tests have been made with the conventional methods for the 
case of wea^r-lajid iridth (fl-ank) criterion. 

Chapter II is a brief genera.l review of tool-life 
evaluation. The presentl 3 ^ proposed m.ethods are described 
in Chapter III. Chapter IV gives relevant experimental 
particulars. Results are presented and discussed in Chapter 
V, while the final Chapter gives the conclusions and indi- 
cates the scope for further work. 



CHAPTER II 


GEI'ISEAL EEHTISVI 

2.1 s Tool Life Criteria and Equations 
Tool Life 

From a functional point of view, the life of a 
cutting tool is the duration for which it can he aaployed 
in the production of ’satisfactory,”' parts. It can he talien 
as, the period of time for which the tool can he used 
before resharpening or replacement is necessitated. Tool 
life can he defined in a nunher of way^s, depending upon one 
of the following criteria. 

1 . Tool “failure : 

A tool is considered to have failed when it eitlier 
fails to cut or cuts in a manner grossly different from 
that of a sharp tool. Tool failure is generally the proper 
tool-life criteria when roughing is considered, i.e, where 
tolerance or finish is not required. Tool failure is 
specified as follows : 

i) Wear-land size on the clearance face, 
li) Crater depth or crater volume on the rake face, 

iii) Total volume, or weight, of material worn off the 
tool . 

iv) Combination of (i) and (ii) 

v) Chipping or fine cracks developing on the cutting 
edge, etc. 
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2. Workpiece dimensional tolerances? 

This criterion is useful uhen form tools are nsec, 
in preset tooling and in various automatic onerations. The 
tool is replaced uhen the dimensions of the workpiece lie 
outside the specified tolerances. 

3. Surface finish degradation; 

For finishing cuts, or pre-grind cuts, the dete- 
rioration of surface finish can he a more meaningful 
criterion for tool life. 

The tool life value, T , for a given operation 
will depend on the type of criterion used, and it is there- 
fore essential that this be explicitly stated. Thus, for 
example, a possible criterion for roughing cuts with a 
cemented carbide tool, may be a wear-lane^ width, 1^, of 
0.75 mm., and the tool-life would then be defined as the 
cutting time for attaining this. 

2.1.2 Tool -life equations ? 

The cutting speed, V, usually has the dominating 
effect on tool life. According to Taylor’s tool -life rela- 
tionship [9J > one has, for a giveft range of cutting 
conditions 

n^ 

VT = (2.1) 
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■vAiere is a constant speed exponent and C-j is a cons- 

tant coefficient. 

Cook [10j, in a recent review, has shown that 
feed (f) and depth of cut (d) effects are conveniently 
taken into account by considering an equation of tlie form 

-l/n-| -l/n 2 -l/n 3 

T = k V f d (2.2) 

where n 2 and n^ aro constant exponents for feed and depth 
of cut, respectively, and k is another constant. This 
is again, applicable for a given tool/work raateriad combi- 
nation, over a given range of cutting conditions. The 
equation has been used by a number of workers and found to 
yield satisfactory agreement with experimental data. 

More generalised tool -life equation have been 
suggested by other investigators. For example, Kronenberg 
[11 J derived an equation from dimensional analysis, in which 
the effect of work material properties, cutting tool tempe- 
rature, etc. are incorporated. 

Trigger [12] related the tool -life to cutting tool 
temperature through a simple relation 

T =? const 0 (2.3) 

where 0 is the temperature and ^ is a constant tempera tur' 
exponent . 
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Golding [13 j developed a three-dimensional tool 
life equation, hy introducing the concept of a chip equi- 
valent, % as the ratio of engaged cutting length and the 
area of cut. 

Uehara [1^J proposed a relationship between tool- 
life and total wear volume of the form 

H = oCT ■ (2.4) 

where ¥ is the total wear volume, and oC , ^ are cons- 
tants. This equation was considered for investigating the 
compatibility of results from certain short-time tool life 
tests, such as radioactive tests, and those from conven- 
tional ones. 

For the proposed work, with the principal inves- 
tigation being of feed effects, 'Equation (2.2) was modified 
to the Taylor-type equation 

^2 

i.e. f T = C 2 ( 2 . 7 ) 

yiere n 2 is the feed exponent as before, and G 2 is a 
constant . 

2.2 Tool Life Testing 

Toolvlife testing is carried out for obtaining 
the Various constants characterising a particular type of 
tool-life equation. This is then used for the selection of 
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optimim cutting conditions for a particular operation. 
Tool-life tests can be carried out in a number of uays, 
the conventional methods being reviewed below. 

2.2.1 Direct testing ; 

The most direct way to obtain tool-life data is 
to perform a test until the chosen criterion is reached. 

This has to be done at different cutting speeds, feeds, 
depths of cut, etc., var}7-ing only one parameter at a time. 
This obviously becomes a tedious process, considering tliat 
tool -life Values may be tj^pically - 100 minutes. 

2.2.2 Accelerated tests g 

Accelerated conventional tests for tool life have 
been reported by various workers for affecting savings in 
testing time and material consumed. It has been shown [15 .] 
that, the scatter in tool-life data thus obtained is similar 
to that for direct methods. In the simplest type of acce- 
lerated test, tool wear, etc., is extra.nolated to a specified 
failure criterion after carrying out a direct t 3 rpe test for 
a shorter duration. Other t 3 rpes of accelerated tests, for 
obtaining the constants in Taylor equation (Eqn. 2.1), 
include : 

i) Facing test [16] 
il) Taper turning test [ 17] 
and iii) Variable-rate machining test [18] 
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The above tests are for tho determination of speed para- 
meters only, there beiii" no available a.cceleratod tests to 
study feed effects - the primary objective for the present 
work. 


2.3 ' Radioactive Tool-Life Testing 

Tool-life tests with radioactive tools arc- parti- 
cularly useful in obtaining tool -life data in a more 
expedient manner. Conventional tests cannot be accelerated 
beyond a certain limit because of the low sensitivity of the 
wear sensing techniaues, e.g. microscopic measurements. 

The use of radioactive tools for measuring wear, on tho 
other hand, provides sufficiently high sensitivity for 
obtaining even tho instantaneous rate of tool wear at any 
given time. This is doteiminod by measuring the radio- 
activity of the mass of chips collected during a brief time 
of cutting. 

Several investigators have examined tho radio- 
active technique over the past two decades. Merchant [1, 2 J 
showed that of the worn particles from the cutting tool 
adhere to the chips even in wet-cutting, l-fuch of the 
earlier work was done by employing Geiger - Muller counting 
of or radiation for obtaining the total volumetric 
wear of liio cutting tool. More recently, Na I counters 
have been employed for ^ counting of the chip samples. 
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2*3*1 Deteimlnation of absolute tool •'rear 

The absolute amount of tool material transf erret 
to the chips can be obtained in a number of "ways, viz. 

i) The specific activity of the tool bits is calc’ola- 
ted from irradiation and nuclear data. The counter effi- 
ciency is determined senerately, so that, the absolute 
activity of the chip samples can be computed [ 2 ] , This 
method obviously has serious sources of systematic errors. 

ii) A weighed piece of tool material is irradiated 
together with the tool bit. The reference sample is 
dissolved in a suitable chemical agent, i known part of 
its activity is measured under identical counting conditions 
(geometry, etc.) as used for measurements with chip samples 
[ 3 ] • This procedure is naturally painstaking and necessi- 
tates the handl.ing of liquid samples. Besides, finite 
differences in counting geometry!" can lead to large errors 
in normalizing the results. 

iii) The radiotracer is chemically seperated from the 
weighed piece of tool material, as well as, from a given 
chip sample. The tv/o activities are compared using liauid 
scintillation counting techniques [4] , The chemistry 
involved here is obviously tedious. 

iv) More recently, V - V coincidence counting of a 
suitable radiotracer, viz.^^Co> has been applied by Chawla 
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and Ehattacharya [ ^ J for deducing ansolute wear volumes 
for irradiated H,S,S. tools. Here, the need for explicit 
consideration of the counting geonetr;/ and efficiency is 
completely eliminated in the comparison of the activities 
of a chip sample and the reference piece of tool material. 

It is this normalising method W’lich has heen employed in 
the present work. 

2 . 3 « 2 Separation of flank and crater wear 

For the separation of flank and crater wear 
volumes in radioactive tool life testing, two methods have 
been used in the past. The first is applicable to ^ count- 
ing only, and involves counting of radiation from the 
smoother surface of the chips separately from the 
counting of the rough surface. The former counts are due 
to wear particles from the ralte face, i.e. crater, and the 
latter to particles from the clearance face, i.e. flank. 

The more popular method of separating flank and 
crater effects is that of Hake and Opitz [ 5 ] j wherein two 
tools are used to cut simultaneously on opposite sides of 
the workpiece. One tool is the radioactive test too3 , 
while the second is an unirradiated tool. Chips produced 
by the test tool have activated particles from the rake 
face attached to them, while chips produced by the non- 
activated tool contain active particles from the clearance 
face of the test tool. 



12 


In the present >7ork with y coimting being 
employed, the Hake and Op.itz method anplied for most 
of the experiments. However, a method has been presently 
proposed and verified for deducing flank and crater volumes 
simply from certain considerations of the total volumetric 
wear rate (Sec. 3*3). 

2. 3*3 Testing techniques 

Cook and Lang [ J ? indicated certain difficul- 
ties in obtaining reliable, quantitative results from 
short tool-life tests i/ith radioactive tools. However, 
such criticisma. has been principally of the methods employed 
and not of the potential accuracy that can be achieved. 

Chawla and Bhattacharya [19 J have recently shown 
that, with proper precautions being taken, radioactive tool- 
life testing can be successfiLLl 3 r anplied to provide signi- 
ficant savings in testing time and materials over conven- 
tioial methods, while providing reliable results. For 
deducing the parameters, n-j and C-], in Taylor’s equation 
(Eqn. 2.1) a multispeed testing approach was proposed, 
whereby a single cutting edge was used to simultaneously 
yield tool -life data for a number of discrete cutting 
speeds. This was done by suitable interpolartion of the 
instantaneous rates of absolute wear measured at different 
stages of a single multispeed test with the radioactive 
tool. 
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In the present f-i^ork, it he.s teen shoin that tool 
life para33ieters for feed effects, viz. n 2 ancl G 2 in 
Eq_n. (2.5),can he reliably obtained from either 

i) A single multifeed test carried out at constant 
speed. 

or ii) A set of multispeed tests, each carried out uitli 
different feed. 



CHAPTER III 


TESTING HHTHODS 


3t1 ; Multifeed Testing 

As discussed in Section 2,3? radiotracer techni- 
ques provide sufficiently high sensitivity for the determi- 
nation of instantaneous rates of tool wear. The presently 
proposed multifeed mef'’od exploits this feature for the 
determination of the feed constants n2 and C2 of Equation 
in a manner similar to that used in multispeed 
testing for the study of speed effects [19]. 

Typical growth of wear-land width with cutting 
time is shown in Fig. 3.1jfrora which may he observed certain 
characteristic features. Considering the curve correspond- 
ing to feed £ 2 ^ Region 1, upto point P, denotes the zone of 
initial 'hreah in'. In this region, the initially sharp 
cutting edge wears rapidly due to plastic deformation and 
consequential temperature rise. After B, the tool wears in 
a uniform manner till the point G is reached. The region 
B - C, Region 2, is the mechanical wear region, viz. wear 
region under temperature insensitive conditions. Beyond 
G, the wear-land grows rapidly and the tool fails soon 
thereafter. The saia^ features characterise the curve that 
would be obtained for a higher (^3)? or lower (f-j)? feed 
value, the cutting speed being kept constant (Fig. 3.I). 



It is seen tlist, for a given failure criterion of 
vrear-land uidth, one would oltain tool lives T-^ , T2, 13} 

corresponding to feeds f -] , f2 and 13, respectively. These 
pairs of f^, values could then he used for ottaiiiing the 
feed parajneters n2j Eouation (2.5*)- 


In the proposed mu3.tifeed method, one hasicallj^ 

adopts the inverse wear-rate approach used for multispeed 

(it 

testing [19j* The plots considered are - w, where 

is the reciprocal of the wear rate and w is the cumu- 
lative wear. With this representation, the wear gro-wth cur- 
ves corresponding to feeds f2? 13 are of the typie shoi,mi 

in Fig. 3.2 and the same- three characteristic regions ma'^’^ he 
identified. In particular the constant wear-rate region, 
Region 2, of Fig. 3.I becomes a "plaheau" in Fig. 3.2. 


From Fig, 3*2, it can he inferred that the too3_ 
life corresponding to a given failure criterion wp and a 
given feed fp, will he the area under the appronriate 
inverse %-rear-rate curve, since 

w^ 

= j ( S 1 e.o) 

o 


Thus for example, T2 is the area under the f2 curve as 
indicated hy the shaded area In Fig, 3.2 

The inverse wear-rate curves for different feeds 
can he generated in a single test v/ith a radioactive tool 



"by changing the feed hctv/een machining intervals. Simulta- 
neous generation of the (fj_, Tj_) pairs required for rietonci 
ning n2j ^2 '^'oulc' thus he achieved. Tlie basic assumption, 
as in the case of multispoed testing, is that the instanta- 
neous wear rate at any stage depends only on the tool’s 
current cutting conditions and not on its past histor^’’". 

Ihis assumption was shown to he valid for tho present 
experiments hy carrying out a single speed/feed test and 
comparing the wear growth curves with results from the 
corresponding multifeed test. 

3.2? Extension Of Multispeed Testing 
For Obtaining Feed Parameters 

Consider the more general tool-life equation, 

Equation (2.2), viz. 

-l/n| -l/n2 -l/n^ 

T = k V f d 

With depth of cut effects absent, one may write 
this in the form 

-1/n^ -l/n2 

T = K V f (3.1) 

In multispeed testing [19] j one determines the 
speed parameters Pj, C^jOf Taylor's equation, Equation (2.1^ 
viz. 

VT = 

Such a test woTJild then bo carried out at a 
constant value of feed, say f-j, and one may rewrite the 
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1/n^ -l/n^ 

T z. V 


(3.2) 


where denotes the speed constant C^, corresponding 

to a feed value of f^. 


Comparing Equations (3.1) and (3.2), 


-1/n- 


K f. 


(Ci)f^ 


1/n. 


(3.3) 


If a multispoed test is carried out over the sane 

speed range hut for a different feed, say f 2 j vmild 

obtain the same speed exponent n-| (assumed independent of 

feed from the very nature of Equation (3.1) )» hut a new 

value of C^, viz (G-|)^ . The latter would he related to fp 

hy an equation similar to Eauation (3*3)? i.e., 

-l/n2 l/n^ 

K 


It will no^^^ he shown that the above pair of multispeed tests, 
carried out for feeds f^ and f 2 ? may he used to obtain the 
feed constant n 2 ? C 2 of the Taylor~t 3 'p)C equation, Equation 
( 2 . 5 )? viz. 



Pivif’lng Equation (3.3) by Equation (3.^) 


-1/n. 


(G-) 


1 


LTcT7 


Vf, 


1/n. 


(3.5) 
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Taking logs of both sides. 




- log (C.).p / (C. 

1 ^ ‘ ^2 


or 


n. 


= n. 


log ( f‘2'^^1 ^ 

log (C.)^ / (C^)x. 

11^ I I2 


(3.6) 


All the quantities on the R.H.S are knoim from the pair of 
multispeed tests, so that n2 may be commited. 


For obtaining the second feed parameter, C2 in 
Equation (2.5)? may determine the value of this corres- 
ponding to the intermediate speed in the multispeod 
(Vi, V^, V^) tests, say V2. From Equation (3.2), the tool- 
life value for speed V2 and feed f is given by 

1/n-, -l/n-, 

T21 = (c^>^^ v^ (3.7) 

The same tool -life maj’’ be expressed in terms of f-j, using 
Equation (2.5)j i.e., 


■21 


(Co) 


1/n, 


-l/n. 


2'Y, 


(3.8) 


From Equations (3.7)? (3»8), 


np/n.| 

^^ 2^2 = ^^ 2 ^ 


-n2/n., 


f^ (3.9) 

All the quantities on the R.H.S being known, 
obtained. 4 second value of (C2 )y^ is got by 
considering the tool -life, T22 corresponding to speed V2 
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from the second nultispeed test, i.e,, at feed f 2 * From 
the two eqnatlons for ^22 similar to equations ( 3 * 7)5 ( 3 •7;, 
one obtains 

np/n-1 -np/n^ 

= (Cffg <'^2> ^2 C3-'05 

The mean value of (^ 2 '^Y ’ Eouations (3*9) and (3«19), 

may he quoted. 

In the above determination of the feed parameters 
^ 2 ’ ^ 2 ’" Equation ( 2 . 2 ) from two multispeed tests, each 
conducted with a different feed, the basic asamption is 
the constancy of n-j and n 2 » i.e. the separability^ of 
speed and feed effects. This, as mentioned earlier, is 
inherent in the very nature of a tool -life equation of the 
form of Equation (3*1 )• Tn practice, in conducting two 
multispeed tests, one would obtain different values of n^ , 
due to the experimental randomness of tool-life data. The 
average n-j value would then have to be considered as valid 
for both tests and the values for the two tests recomnu- 
ted accordingly to yield the values of to 

be used in Equations (3.6), (3*9) and ( 3 . 10 ). 

3.3's Deduction Of Flank and Crater Wear 
From Total Wear Volume Measurements 

In tool -life tests with a single radioactive tool, 
the chips contain tool-wear particles from both the rake and 
clearance faces. Earlier methods of separating flank and 
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crater i;ear in such tests have p'lready teen rliscussed (33c. 
2.3 •2), the Hake - Opitz method being the one most coirmoni:’ 
applied. This section outlines a novel approach to the 
separation of flank and crater wear in tests with radio- 
active tools. 

3.3«1 * Assumptions made 

The total volumetric wear, '1 is the most directly 
measurable Quantity in tests with radioactive tools and ma7~ 
be written a.s, 

W = Wf. + (3.11) 

where are respectively the flank and crater wear 

t 

volumes (assuming random effects, such as the generation of 
a notch at tha outer diameter of the \rorkpiece, to be 
absent) . W^, may be expressed in terms of the geometry 

of the wear zones. Thus according to Uehara [13 J > 

¥ = I ( 1^^ b’tan Cl) (u 1^ d’ ) (3.12) 

idiere the nomenclature is explained in Fig. 3*3. 

Several experimental workers have reported that 
in Region 2 of the wear-growth curves (Figs. 3*1 j 3*2), 
the wear rate is nearly constant when considering wear- 
land width, 1 , or crater volume, ¥ , as the wear crite- 
rion. This is clearly evident, for example, in the results 
quoted by Ghawla and Bhattacharya [19 j r which shov; that, 
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in their experiments the inverse -wear- rate for l^j and 
acquired steady values after the initial stage of high 
wear rate. 

In the proposed met^nd, the hasic assumption made 
follows from the above observations. This is, that, 1^^^ 
and increase linearly with cutting time, t, i.e. 

1^ t and v, t (3.13) 

2 

Since 1^ from Equation (3.12), one may write using 

Equation (3.13), 

= a t^ (3.1^ A) 

and 

= h t (3.1^- B) 

where a and h are constants. Thus the total volumetric 
wear is assumed to be, from Equation (3.11), of the type 

W = a t^ + b t (3.1^)) 

where a and b are constants characterising flank and 
crater wear, respectively. 

As discussed in Section 3.1, the initial stage 
of the wear growth curve is non-linear, and it is only in 
Region 2 that one may assume 1^ and to increase linearl 3 ^ 
with time. The initial non-linearity due to flank and 
crater effedts is introduced separately into the total 
volumetric wear, but no attempt is being presently made to 
model this non-linear behaviour. 
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'Tho assuniption that F.aup! tion (3*15) is valid 

right from t = 0 would obviously result in some error in 

computed tool -life vaH-Uos. This may he illustrated hy 

considering the tool life corresponding to tota3. wear 

volume itself. Thus, in Fig. 3*^ wliich considers a tyuical 

W - vs - t plot, it is only those points beyond the initial 

"non-linear” region for which a parabolic fit might be 

2 

attempted. Such a fit would be of the typo W = at + bt + c, 

where c is a positive constant, ^-lith the presently 

modelled flank and crater behaviour, linearity of Iw and 

2 

is assumed from t = 0, the assumed, curve, W = at + bt, 
passing through the origin. For a given failure criterion 
for W, it is clear from Fig. 3,^, that the tool life value, 
Tiin, for the assumed VJ - behaviour wouI!,d bo different from 
the actual value, However, the difference woild be 

small if the failure criterion is sufficiently far removed 
from the region with the non-linear effects. 

Tho effects on the tool^life corresnonding to 1.^, 
or criteria may be illustrated by considering the inverse 

V/ 

wear-rate plot for one of these, say W^. Thus, in Fig. 3-5, 
the "plateau" region is that corresponding to linear groxirth 
of . The constant value of the inverse wear- rate in this 
region is given by, from_ Equation 3«1^ 

dt _ 1 _ 

dW^ ~ (dWg/dt) b 


( 3 . 16 ) 
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By assuming linear behaviour of right from t = Cj on:; 

obtains the tool-life as the area under the line 

"t 

dT~ “ b * ^jais is cloarly greater than '^’g_ct’ indicated 
in Fig. 3 •5’* (For the inverse-wear rate plot for 1^, the 
constant value of used to deduce a, since 

usinn Eq. (3.12), ^ ^ where oC = ( b^^tan Cl 

3.3*2: Determination of a and b 

With Eauntion (3.1?) assumed valid, the deduction- of 

a, b from total volumetric iiroar measuromonts is possible in 

several ways. For a single speed/feed test, one obtains r. 

total wear volume growth curve of the typo shown in Fig. 

3*^Ca').By choosing only points well awaj^ from the region 

having non-linear effects for 1^^, one may carry out 

a least-squares fit of these points to the expression 
2 

H = at + bt + c. Ignoring c, one obtains the a, b values 
appropriate to Eouation (3*15’)* 

A second approach is to consider the total volu- 
metric wear rate, which from Equation (3.15) is 

H = 2 a t + b (3*17) 

fhe plot of ^ - vs - t would thus be a straight line 
in the region -where non-linear effects of 1^, arc 
absent, a would bo obtained from the slope of this stra- 
ight line and b would be the intercept. 
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It can be seen that neither of the above two 
methods may be applied to a radioactive test of the multi- 
feed or nuiltispeed t37pe, since such tests do not orovide 
explicit infoma.tion about the variation of the total we.ar 
volume, W, i;rith t. Vfliat is, in fact, obtained is the 
varintion of (for several speeds, or feeds, as the case 
may be), wear rate with cumulative wear. With Equation 
( 3 * 1 5 ") assumed valid, consider the squa.re of the total 
volumetric wear rate. From Equation (3*17) , 

( H = (2 at + b)^ = 4 a^t^ + 4 a b t + b^ 

= 4 a (at^ + bt) + b^ ( 3 . 18 ) 

or using Equation (3 *15) 

( M )2 ^ 4 a W + b^ (3 = 19) 

Equation (3.19) is a usef^ol result for applying to multi- 
feed, multispeed total volumetric wear data, in that the 
plot of ( -^ )^ - vs - W would be a straight line with ’ad 
obtainable from the slope and b from the intercept. It 
may be noted, however, that the effect of initial non- 
linearities in 1, . have to be ignored in the very deduc- 
tion of a, b from Equation (3.19). Ihis follows from 
the fact that, in practice, one would be considering, on 
the R.H.S. of Equation (3*19), the actual cumulative W 
obtained in a particular test. It may be easily verified 
that this slightly affects the deduced b value (i.e, inteiv 
cept of the straight line) but not a, (the slope). 
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Once a and b have been determined (for a 
certain feed, speed), Equations A), (3-1^ B) nay be 

used to obtain the tool life corresponding to a given 1^, 
of failure criterion. Such tool -life values, as 
already discussed, would correspond to aiid. differ 

slightly fron (Sec, 3»3«1)- Equation (3»l5) gives 

the tool life corresponding to a failure criterion W. 



CHAPTER lY 


EXPEEIMEIITAL PARTICULARS 

^.1 i Cutting Tools and V/ork HateriaT 

The experimental x^rork was carried out using 
Miranda Super- Treble Su-astil* H.S.S, tool bits, weighing 
^10 gm each and containing 10;? Cobalt. The tool bits 
had been irradiated about a year prior to the commence- 
ment of the present experiments, in a thermal neutron flux 

12 p 

of 7.5 X 10 n/cm-sec for 2^ hrs. The specific activit 3 >-, 

So 

almost entirely due to Co, was of the order of 3 m Gj_/gm. 
Each bit had been ground at both ends to the following 
geometry ; 

Back rake angle 0° Side rake angle 15° 

Side relief angle 5° End relief angle 5° 

End cutting-edge angle 10° Side cutting-edge angle 0° 
Nose radius 0 

In order to minimise ambiguities in the inter- 
pretation of results, orthogonal cutting condition (using 
tubes) were employed in all the experiments. The basic 
work material presently used was obtained in the form of 
seamless mild steel 0.t5/^ carbon) tubes of I.D. 57 mr.i, 
O.D. 70 mm and of average hardness 190 HB. Specimen pre- 
pared for the machining tests were of 1 .4 mm wall thick- 
ness, 65 mm mean diameter and 'typically ^0 cm bore length. 



h,2i The Lathe and Counting Set-ups 

■A 1C HP HMT Lathe ^jas used for the present exneri- 
ments. An additional tool post 'was mounted on guide ■'Jays 
provided on the carriage to enahle the anplication of the 
Hahe-Opitz method for flank, crater wear separation. 
Radiation levels with the rac'’ inactive tool in position, were 
maintained well helo\r maximum permissible levels by using 
appropriate lead shielding as indicated in Fig. U-.1. A 
general vievr of the lathe set-up is shown in Plato 1 . 

In the course of the experiments, considerable 
time was spent in starting and stopping the lathe and in 
changing the feed or speed during miUltifeed/multispeed 
tests. Suitable extension rods were designed for the lathe 
controls so as to minimise the radiation exposure during 
these operations. 

For independent movement of the front and rear 
tool, the compound slide Was rotated through 90°. The 
movement of the rc*ar tool was obtained on the cross-slide, 
and the front tool movement was achieved through the com- 
pound slide. Plate 1 shovrs this arrangement. The spe- 
cial type tool posts available on this production lathe 
were advantageous in centering. To enable easy position- 
ing and viewing of the radioactive tool, an adjustable 
mirror stand was fabricated and mounted on the rear side 
of the lathe. 
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A special drawer- type, chip collection box vras 
prepared for easy reraoval of the radioactive chips. One 
metre tongs were used for renov^.ng the drairers containing 
the chips, the latter being packed in nunbored, tin nill- 
boxes of 36 ima diameter, 18 ni'i height, 

A block diagram of the counting set-up used for 
Y -counting the chip samples and standard sources is siiovrn 
in Fig. 4-. 2. The lla I crystals were of 50 mm x 50 nm size. 

A sample changer was used idth the two detectors mounted 
■verticall^^ above and below, about 5 ems anart, 1 10 cm 
thick lead shield around each detector ensured adeaua.te 
background discrimination. 

4 -. 3 5 Experimental Procedures 

4 -, 3.1 Deduction of absolute wear volumes 

'/ - counting of the pill-box chip samples was 
Carried out with each detector channel set on both 
photopeaks. The sum of the two single -channel, background- 
corrected counts, over a period of 500 seconds, was talcen 
as the relative measure of volumetric wear. A standard 
° uo point source was used to check for possible electro- 
nic drifts duiing the counting of the chip samples. 
Statistical accuracies presently obtained in tie counting 
of individual chip samples were + for both flank and 


crater 
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In order to naJse the res^olts absolute, the activity 
of one of the raore active pill tox sarcples, was norma- 

lised to the activity/ of a standard ^^Co point-source 
(Standard A) hy V-v coincidence counting [6] . Standard A 
was, in turn, knovm to represent a certain voluiric of irra- 
diated tool material, the noimalisation against small 
reference pieces of tool material having been earlier carried 
out by single y counting. The absolute wear voltmie in 
Chip Sample being known, the count-rates of all other 
chip samples, counted under identical conditions, could be 
normalised to yield absolute results. 

^•3»2: Multifeed tests 

For obtaining ^ curves, for a given 

cutting speed (V) but several different feeds, the test 
was started off with the lowest feed, f-^. Three sets of 
chip samples were collected, over typically 15 sec, machi- 
ning intervals, from the front and back tools. The feed 
iras changed to the next higher value, f 2 , and three further 
sets of chip samples obtained. This was then done for feed 
f^. The feed was then changed back to f^ and the procedure 
outlined above was repeated. 

As in the case of multispeed testing [19j ^ 
counting of any given sample would yield a wear- rate, with 
a corresponding value of cumulative wear. In the present 
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case, points would sequentially be generated on the 
dt 

— _ -rs - w curves for f 2 ^ ^3? the first three chip 

samples giving three points on the f-^ curve, the next 
throe giving points on the f2 curve, and so on. In 
effect, there would he simultaneous generation of the in- 
verse wear- rate curves for the three feeds, and thus of 
three (fj_, Tj_) pairs corresponding to a given failure 
criterion. 

In determining tool-life parameters from multi- 
feed tests, throe different criteria have been presently 
donsidered viz., for wear-land width, crater wear volume 
and total wear volume (Sec. 2.1). 

4.3.3s Extension of multisneod testing 

The deduction of food parameters, n2 and C2 
from a pair of multispeed tests (Soc. 3»2) was achieved 
by conducting two multispeod tests with two different 
constant-feed values which spanned the feed range used for 
the multifced tests (Sec. 3.2). The speed range for the 
two multispeed tests was identical, viz. - V3, where 
Vi < V2 < V^, V2 being the constant speed employed in 
the multifeed tests. 

4,3.4: Conventional tests 

Conventional orthogonal tests to determine n2 
and Co (withl,, criterion) were conducted with tlie same 

£4 W 
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mild steel tule material and vith nnirradiated H.S.S, tool 
tits of identical snocif ications . ^ plot of 1^^ - vs - t 

was separately obtained for each feed val-uc by microsconi- 
cal examination of the tool ci.earancc face at intervpl.s of 
typically 5 minutes cutting time. 

^•3»5« Validation of the uronosed method for 
flank, crater sc-paration 

A single speed/food test was carried out at the 
iitermediato speed mioltispecd test range and 

the intermediate feed of the multifeed tost range, in 
order to validate the approach outlined in Sec. 3 '3 fon 
separating flanlc and crater effects. Tlie points to bo 
confirmed were 

i) the linear growth of 1 and after the initial 
non-linear stage, 

ii) consistency in a, b values deduced from wear 
volume results (Sec. 3*3 -2) using, separately, 
Equations (3*15)? (3*17) and (3»19), and 

iii) the comparison of a, b values deduced in (ii) 
with actual values (Sec. 3«3«1) obtained from 
Hake-Opitz separation (c.g. from Equation (3*16) 
for b) , 

A multifeed test was conducted \/tthout Hake- 


Opitz separation i.e. without using a roar tool, to further 



test the validity of the present method. This test vos 
Carried out with a test specimen of bore length > ^0 cms.j 
so that the region of linear 1 , h’ gro’Jth might be esroec- 
ted to be better defined than in the other tests. Total 
volumetric wear rate data from this region was analysad =:id 
a, b values deduced from Eguation (3.19) to vield compari- 
sons with results from the other exoeriments . 

attempts were also made to arialyse the multifeed, 
multispeed data for total volumetric irear from the earlier 
experiments to deduce appropriate a, b values using 
Equation ( 3 - 19 ) . 



CHAPTER V 


RESULTS MD DISCUSSIONS 
5.1 s Miiltifeed Tests 

As a check on the repeatahiiity of results y tuo 
separate multifeed tests, TiFl and 1IE2, were carried out 
under almost identical cutting conditions (Tahle 5*1 )» 


Table 5.1 

Cutting Conditions For Multifeed Tests 


Test No 1 

1 MF1 1 

i 1IF2 

Cutting Sneed (m/min) 

22.8 

23.0 

Effective Feed (mm/rev) 

0.081.0.125.0,168 

0. 079.0. 119. C. 159 

Average Tube Thickness (mm) 

1 .^0 

1 J +2 


Figs. 5*1 “ 5*3 show the results obtained in 
Multifeed Test 1. Fig. 5*1 is the plot of inverse wear land 
growth rate, against cumulative wear land ( /llf , Eouation 
(3.12)). Similarly, the inverse crater volume growth rate is 
shorn plotted against cumulative crater voluuTie (W^) in 
Fig, 5.2, and the inverse total wear volume growth rate 
( ^ ) against cumulative total wear volume (U) in Fig. 5*3. 

Figs. 5*^ ■" 5*6 are the corresponding plots 


f 

♦. 




“flfgj 

JRss» ^ ««• .fuf 


obtained in Multifeed Test 2. 
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? . 1 . 1 Tool -life values ol)tained from MuLtifeed Tests s 

As discussed in Sec. 3*1} the tool -life values for 
the three feeds used in a particular test uere obtained fron 
the areas under the corresponding cuives unto the criterion 
chosen. 

The criteria used in the present analyses uere, 

Hea.r land width, 1 = 0.4 nun 

* y 

Crater volume, = 12 ucc 

Total wear volume W = 20 ucc 

Table 5*2 summarises the tool -life values obtained 
with the above criteria. 

Table 5.2 

Tool -life Values (in minutes) From Multifeed Tests 


Criterion 

~r 

5 

^ ^i 

1 — 
0 

MP1 


1 

0 


MF2 




^1 

= 

22.5 

^1 

rr 

23.1 

Wear land 


^2 

h 


10.3 

^2 

= 

10.6 

1^ = 0.4 mm 


jy 

^3 

h 

= 

7.6 

h 


7.7 



fl 

h 


20.8 

'^1 


20.9 

Crater volume 


^*2 

h 

= 

12.1 

^2 


12.3 

12 jicc 



h 


6 .4 

"3, 

= 

6.5 



^“1 

h 

r: 

18.8 

^1 

== 

20.1 

Total wear volume 


^*2 

A 

n 

9.0 

^2 

=: 

9.7 

20 jiicc 



h 

= 

$.6 

"^3 

= 

6 .8 
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5.1.2; Feed Darsmeters from Hultifeed Tests 

Using the (fj^, Tj_) pairs from Table 5.2, n 2 and 
C 2 values for the Taylor-type eouation. Equation 
were obtained. Table 5.3 summarises the results, which 
are seen to be quite consistent. 

Table 5*3 

Average n 2 } ^2 from Ilultifeed Tests 


Criterion 

T 

5 



~r 

s 


MF 2 

r 

IS 

2 5 

C 2 

!5 

^2 

T ;; ~ 

5 “2 

Wear land 

= 0 .^ mm 

0.76 

0.79 


0.73 

0.72 

Crater volume 

= 12 jicc 

0.63 

0.57 


0.61 

0.51 

Total wear 
volume 

= 20 pcc 

0.77 

0.74- 


0.70 

0.62 

5.2; Multispeed Tests 

As mentioned 

in Sec. 

4-.4.3, 

two multispeed tests 


(MSI and MS2) using different constant feed values were 
conducted for -validating the alternative approach for 
studying feed effects (Sec. 3.2). Cutting conditions for 
these two tests are given in Table 5*^. 
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Table 5 -^ 

Cutting Conditions for Multispeed Tests 


Test 


MSI 1 

MS 2 

Effective feed (imi/rev) 


0.178 

0.080 

Cutting speeds (m/min) 


17.8,22.6,28.2 

18.0,22.8,28.8 

Average tube thickness 

(mm) 0 

1.39 

1 .^1 


Referring to Tables 5*1 and it is seen that the 
intermediate speed, 22.8 m/min), for the multispeed 

tests corresponds to the constant speed usec> in the multi- 
feed tests, while the constant feed values in the two 
multispeed tests (O.178 mm/rev for MSI and O.08O mm/rev for 
MS2)span the feed range for the multifced tests. This was, 
of course, done so as to bo consistent with the assumption 
that n^, n2 are constants over the speed, feed ranges being 
considered. 

Results for MS 1 are shown in Figs. - 5 • 9 * 

Fig. 5*7 is the plot of - vs - 1 ^. In Fig. 5*8 is 

plotted against and Fig. 5*9 shows the plot of - vs - W. 

Figs. 5*10 - 5*12 show the corresponding plots in 

MS2. 

5 * 2.1 i Tool -life values obtained from MS1 and MS 2 

Table 5*5 shows the tool-life values obtained from 
MS1 and MS2 using the 1 , and W criteria given in 


Sec. 5 * 1.1 




37 


Table 5.5 

Tool-life Values (in minutes) from llultispeed Tests 


Criterion | 


~r~ 

5 


HS 1 


1 

5 

MS? 



^1 



11.7 

Tl 

= 29.0 

Wear-land 

1 = 0,4 mm 


^2 


= 

7.0 

^2 

= 15.1 

w 

^3 

b 


zz 

^.5 

b 

= 11 .6 


^1 

^1 


= 

10.4 

"^1 

= 27.5 

Crater volume 

^2 

^2 


=z 

6.0 

^2 

= 18.4 

= 12 pcc 









^^3 



2.7 

b 

= 11 .0 


^1 

b 


= 

9.9 

^2 

= 25 

Total wear volume 


b 



6.1 

^2 

= 15.3 

= 20 pcc 

b 

b 


=: 

3.0 

b 

= 6.7 

Making use of 

the 


Tj_) 

pairs 

obtained in 

the multispeed tests the 

constants 

^1 j ‘^'i 

of Taylor* s 

equation (Equation ( 2 . 1 )) were deduced 

in each case. Table 

5*6 gives the separate values obtained 

for the two tests. 

Table 

5.6 





Average n-j, C^ 

values 

from Multi speed 

Tests 


nr 




IT 



Test 

§— 


MSI 



MS 2 



T 


1 0 


5 


* -lo 

0 ^1 

c. 

ni 


^W 

= 0.4 

mm 

0.48 

59 

0.63 

137 

W 

c 

= 12 

ncc 

0.35 

^3 

0.54 

106 

W 

= 20 

)1CC 

0.40 

^ 5 * 

0.37 

60 
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5.2.2; Feed parajaeters from the Hultis^eed Test s 


For calculation of the feed exponent rip and the 

constant Cp (Equation 2.5) from the raultispeed-test data, 

n^ and np are assumed to he indenendent constants (Sec. ?.2) 

over the speed, feed ranges under consideration, Accordingly’, 

the variation in the n^ results for !IS1, !tS2 (Table 5*8) 

have to he attributed to random effects, and an average n-j 

value should he considered for comnuting approriate (C^)f , 

"I 

(C^)^ Values for the two tests. Equations (3*6), (3*9) cOid. 

t ±2 

(3.10) may then he applied for the deduction of rip and 

* '^3-'81e 9*7 summarises the resiilts of such an analysis. 

Table 5.7 

Average n 2 and C 2 values from Multispeed Tests 


Criterion 


1 

i 

I 

{ (C ) 5 

^2 

I ^^2^2^^^ 

!(Go)Tr (ii 
‘2 


= 0,h 

mm 

0.56 

67 

111 

0.87 

0.95 

0.Q3 

h 

= 12 

WCC 

0.^5 

^9 

82 

0.70 

0.62 

0.62 ^ 

I 


= 20 

]L1CC 

0.39 


63 

0.86 

0.78 

0.77 I 
I 


It msy he noted that two values of the feed cons- 
tant ( 02 )-^ are obtained, depending upon which of Equations 
(3.9)» (3*10) is applied. The average result may he quoted. 


[ 
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5.3° Conventional Tests 

Conventional orthogonal-cutting tests uere conduc- 
ted to obtain n^j C^ values (for 1 - criterion) which 

could be coiTg)ared with the radioactive- tool testing results. 
Table 5*8 gives the cutting conditions for three conven- 
tional tests used for generating tlcree (fj _5 T^) pairs with 
1 2 _ 23 .0 m/min. 

Table 5-8 

Cutting conditions for conventional tests 


Test No, 

r 

1 

nr c r 

5 2 j 

3 

Feed (mm.. /rev.) 


O.O 81 

0.125 

0.168 

Cutting speed (m/min.) 


21.1 

23.0 

22.9 

Average tube thickness 

(ram . ) 

1.42 

1 .45 

1 .44 


5 *'t 3 shows the plot of wear-land growth 
against cutting time. Tool -life values vrere extrapolated 
from the curves for the chosen criterion of 1 = 0.4 mm. 

The ^2 "^^Lues obtained from these (fj_, T^) pairs are 
given in Sec. 5»4. 

It should be mentioned that a second conventional 
check on the validity of the nuclear technioues was the 
microscopical observations of the cumulative 1 -^ for the 
various tests with radioactive tools. This was done using 
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a shielded tool -maker’ s microscope with an extension for 
the eyeniece to minimise the radiation exposure [?.1 ]. 
Satisf actorj?- agreement was obtained with cumulative 1^^ 
Values deduced from the nuclear tests. 

5-^2 Comparison Of n 25 ^2 Results From Multifeed, 
Multispeed and Conventionad. Tests 

Table 5 *9 gi'ves this comparison. 

Table 5.9 

Comparison of n 2 j C 2 values obtained from MF, 

MS and Conventional tests 


Criterion 


MF 


MS 


!! ^2 


n. 


Conventional 


n. 


w 


W, 

w 


0.4 

ma 

0.75 

0,76 

0.87 

0.94 0.72 0,99 

12 

] 1 CC 

0.62 

0.54 

0.70 

0.62 - 2 

20 

}ICC 

0.74 

0.68 

0.86 

0.78 


The n 3 C^ values obtained are seen to be in 
2 ‘• 

reasonable agreement, considering (a) systematic differences 
in the initial portions of the crater curves for the multi- 
feed and multispeed tests and (b) the scatter in the experi- 
mental data. Separate tests were conducted to investigate 

the crater behaviour, but no conclusions could be drawn 

that 

except/^the effect was random. 







5*52 Deduction of Id.ank and Crater year Volumes From 
Total year Volume Feasurerents 

Single sneed/feed test 

A single speed/feed test was c;^rried out ■'dtr 
the cutting conditions given in Tahle 5.10. 

Table 5*10 

Cutting conditions for single speed/feed test 


Effective feed (ram/ rev) = 0 . 09 ^ 

Cutting speed (m/rain.) = 22.60 

Average tube thickness mm = 1 .4-0 

Fig, 5*14- shows the wear growth curves obtained. 

It is seen that the crater volume and the vrear-land width 

do exhibit linearity after initial, non-linear behaviour, 

with the total wear volume growth curve being of the type 

W = at^ + bt + c. Figs. 5-1 5 - 5*17 show the plots of 

g- _ vs - 1^, ^ ~ respectively, 

w ' c 

The actual values of the constants a and b were read off 
from Figs. J*”!? and 5»l6 respectively (Sec. 

Figs. 5.18 (a) and (b) show the ^ - vs - t and 
(■^)^-vs-W plots obtained for this single speed/feed 
test. The intercept and the slope of the straight lines 
gave a and b values (Sec. 3 *3 *2). In Table 5»'''1 these 
deduced values are compared with the actual a, b values, as 
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well as with ■values obtained from a least squares fit of W in 

2 

the "linear” region to 'the expression W = at + bt + c. 


Table 

Comparison of deduced and actual ajb values, in SSF, 


r 

-Ictual Values | 

0 

0 

Deduced Values 


dVf/ dt-vs-t 
plot 

T 

J_ 

(dW/dt)^-vs-W 1 
plot 1 

U" = at^ + bt + c 
plot 

a = 0.026 

a =, 0.039 


a = 0.026 

a = 0.030 

b = 0.^0 

b = 0.55 


b = 0.64 

b = 0.65 

- 

- 


- 

c = O.lV race 


O 

CUhits J a - pcc/min , b - jicc/min) . 


Errors in the above deductions of ajb were considerable 
in the present case due to the large scatter in the experimental, 
points (Figs. 5»15 - It in.ll be seen later (Sec. 

that, if -the plots of (^)-vs-t and (^)^-vs-M are well de Fined ' 
much more reliable a,b values can be deduced. Table 5*12 . 

compares the tool -life values obtained using the a,b values | 

obtained from Table ^,11 in Equations 3 . 1 *+(il), (B) and Eon. (?. 15)1 
with the actual (non-linear effects included) tool -life valU 3 S 
from the single speed/feed test. 


1 
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Table 5*12 

Comparison of Tool -life values (in mins) from a,b values 
with the Actual Tool Life in SSF. 



= 0 ,k- min 

19 .^ 

15.9 

19.4 

18.0 

17.3 

= 12 jicc 

24.0 

21 .8 

18.8 

18.2 

23.2 

= 20 Mcc 

19.7 

16.7 

18.0 

17.0 

17.0 


5 « 5 » 2 ! Multifeed Test 


This test was performed without using the Hake and 
Opitz method for the separation of flank and crater. The 
cutting conditions are tabiiLated in Table 5*13 • 


Table 5*13 

Cutting conditions for Multifeed test 3 « 


1 ) Effective feed (min/rev.) : 

2 ) Cutting speed (m/min) ; 

3 ) Average tube thickness (mm) s 


0.081, 0.12?, 0.168 
23.10 
1 M 




hh 


Fig' 5 * 19 shows the plots obtained for 
The slope and the intercept of the straight line portions of tl^e 
three curves gave a,! values corresponding to the three feeds 
used- .:s this test was performed with a single tool it \res not 
possible to check the deduced a,b values with actual ones, the 
only inverse wear-rate curve obtained being -^-vs-W (Fig- 5*2?). 
However, for making a comparison, the results of Multifeed 
Test 1, (Figs. 5*1 and 5»2) were made use of because the cutting 
conditions for MF 1 , MF 3 were sir'^ilar. Table 5*1^ gives this 
comparison. 

Table 5.1^ 

Comparison of deduced ajb values in MF3 with actual 

a,b values of MF 1 . 


Feed 

1“ 

0 

0 

5 

Deduced values for MF3 

5 

i! ■ 
5 

Actual Values from !1F1 

a(ucc/min‘ 

p Q 

“) 1 b(ucc/min) 

a(iicc/min^) | 

b(pcc/nin) 

^■l 


0.0l4 

0.if6 


0.013 

o.i 5 



0.036 

1.08 


0.052 

C .79 

f^ 


0.082 

1.61 


0.105 

1.55 



Tool -life 

values for 1^, 

w 

c 

[ 

and W criteria were ; 

calculated by using 

the a,b values 

of 

Table 5*1^» 

These viuies; 


are compared with the actual tool -life results from MF1 | 

I 

(Sec. iu Table 5*1 5* Tt ^ould be noted that the acbiirl! 

tool -life Values corresponding to total wear volume criteruon 






were obtained by considering the plot of MF3, l.e. 

Fig. 5*20, whereas for 1 and W criteria, results of MF', 

w 

were made use of. 

Table 5.15 

Comparison of Tool -life veiues (in mins), from a,b values 

in MF3 with ictual Tool -life values from MF1 and 

FF3. 


Criterion | 

Using deduced a,b 
Values (1'1F3) 

A 

5 Using 

0 values 

actual 
(MF1 ) 

^0 
a,b ^ 

0 

Actual Tool -lit 










From MFI 




= 

26.7 

^1 

= 

27.5 


^1 ~ 

22.5 

1„ = 0.4- mm 
w 

^2 

’^2 

z: 

16.7 

m 

■"2 

z: 

13.7 


T2 = 

10.3 


^3 


= 

11.0 

b 

zz 

9.7 


b = 

7.6 



^1 

z: 

26.0 

^1 

zz 

27.2 


Ti = 

20.8 

W =12 ucc 
c 

^2 

b 

= 

11.1 

^2 

zz 

15.4- 


T2 = 

12.1 


^3 

b 

zz 

7.5 

b 

zz 

7.8 


b = 

6.+ 










From 

HF3 



T^ 

z: 

^.8 

^1 

= 

25.3 


^1 = 

21 ,6 ; 

M = 20 ucc 

^“2 

^2 

z: 

12.9 

^2 

z: 

13.5 


T2 = 

10.0 


^3 

"3 

zz 

8.6 

"3 

zz 

8.3 


"3 ^ 

6.6 ; 


It should be mentioned that errors in the fitting of 
the f 2 ~data in MF3 were considerable due to random variations 
of wear rate between successive sets of points for this feed 
(Fig. 5.19). * 




Multifeed Test 2 


if6 


The proposed method was applied to this test wherein 
Hake - Opitz method of separation had been used. Tlie actual 
a,b values from Tigs, and were compared with a,! values 
deduced by the proposed techniaue. Fig. 5'*21 shows the plots 

dWs2 

obtained for (^} -vs-¥. It should be noted that the constant 
wear- rate region of the inverse wear- rate curves (Figs. 5.'-:- and 
5*5) reached a constant va3,ue after about three sets of noints. 
Only two sets were therefore available in the "linear" region. 
The experimental data was thus insufficient to deduce reli?''-l.e 
a,b values, as is evident f3?om the inconsistency indicated in 
Table 5 -I 6. 

Table ^,16 

Comparison of deduced and actual a,b values in MF2. 


Feed 


^ 

3 Deduced 

0 T—, 

8 a(jicc/min ) 8 b(ucc/rain) 

1 8 


8 

8 

8 

i 


Actual 


a(ucc/min^) 8 b(u.cc/min) 

Ji 


^*1 

0.013 

0.41 

0.012 

0.^6 

^2 

0.027 

1 .20 

O.Oif^ 

0.80 


0.055 

2.00 

0.099 

1.59 


other Tests 

The raultispeed tests carried out in the present work 
showed considerable scatter when the data obtained was plotted as 



^7 


It was for this reason that one of the jniiltispeod 
tests reported recently by Bhattachars^'a [21 ] was re-anal!^sed 
by applying the presently proposed technique for separation of 
flank and crater wear. To avoid any ajnbiguitj^, this test 
(Multispeed test 2 in Bhattachaiya' s xrork) is here called CT1 
(Other Test 1), 


The nature of the inverse flank and crater wear rate 
plots in 0T1 is indicated in Pig. 5*22, and is seen bo be oT 
the same tvpe as obtained in the present experiraents. The 
scatter in the data points was, however, much loss. The 
(||)^-vs-W plot for 0T1 is shown in Fig. 7-23. a,b values 
deduced by the present method are, compared x^rith the a.ctual 
ajb Values in Table 17* 



4-8 


The tool -life values oh tain ed hy using the above 
ajh values in Eqns. 3.14-(A) and (E) and (3.1^) are compared as 
before with the actual tool -life values in Table 5»18. It is 
seen that the proposed method gives reliable resifl.ts if the 
(^)^-vs-W plot, or for that matter, the inverse uea,r-rate 
curves are -well defined. (It may be noted from Table ^.13 that 
the failure criteria, used by Fha.ttacharya were slightly diffe- 
rent from those employed in the present xirork) . 


Table 5.1 8 

Comparison of Tool -life values (in mins) from a,b values 
with Actual Tool -life values in 0T1 . 


Criterion 

0 Using Actual 
^ a.jb values 

5 Using Deduced 

X 

a,b values 

U Actual Tool- 
1 Lifc'^ 


V T - 

19.8 


= 21.0 

T^ = 17.6 

1 = 0.25 mm 

w 

^2 ^2 " 

15.3 

^2 

= 15.3 

T 2 = 12.4- 


hh = 

8.8 


= 9 .^ 

T 3 = 7.3 


h = 

16.4- 

^1 

= i5A 

T^ = 14-.8 

W =10 ucc 
c 

h h = 

12.0 

^2 

= 11 .8 

Tg = 11.2 


b h = 

7.4- 


= 7.6 

T 3 = 7.1 


Vi T,j = 

16.5 

^1 

= 16.1 

T-j = ^h,7 

W = 12.5 5l1CC 

*^2 ^ 

12.3 

^2 

= 12,1 

T 2 = 10.9 


V 3 T 3 = 

7.3 

^3 

= 7.7 

%= 6.8 


* Data from £21]. 
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k single sToeed test -reported ty Bhattp.clia.iyi^a (21) 

•was also reanal3^sed by the present method. This test is referred 
to as OT2 here. The (“|)-vs-t and (||)^-vs-VI plots arc shown 
in Fig. 5.24 and 5 . 25 , respectively. The comparison of deduced 
and actual a,b values is given in Table 5 * 19 • 


Table 5-19 

Comparison of Deduced and Actual a,! values in 0 T 2 . 


Actual 

Q 

i) 

Deduced 


1 dW/dt-vs-t 

5 plot 

1 ( dW/ dt ) ^-vs-W 

5 plot 1 

M = at^-tbt+c 
plot 

a = 0.015 

a = 0.013 

a = 0.014 

a = 0.013 

b = 0.86 

b = 0.88 

b = 0.87 

b = 0.93 


- 

- 

c = 0.78 ucc 


(Units: a - Mcc/min^, b - pcc/min) . 

These ajb values were used, as before, to obtain 


tool -life values from Equations 3 . 14 (A) 53 . 14 (B) and ( 3 . 15 ). 
Table 5.20 summarises the results. It is evident that the 
proposed technicue gives reliable results when the experimental 
data has good statistical accuracy. 
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Table 5.20 

Comparison of Tool -life values (in mins.) from a,! values 
the Actual Tool life values in 0T2. 


Criterion 


is 

iS 

is 


Using Actually Using Deduced a,b values 

a,b values 5 x 5 — x 5 : 

x( dW/dt)-vs-t I (dU/dt)^- X W = at'^+bt+c 
plot ^ vs-W plot ^ nlot 


p Actual 
iS tool- 
iSlife* 

is 

!S 


1 = 0.25 mm 

vT 

15.3 

16. 5 

15.9 

16.5 

12.4 

ucc 

12.0 

11 

11.5 

10.8 

11.2 

M =12 ]acc 

12.3 

12.1 

12.0 

11 .0 

10. 


Data from (21 ) . 



CHAPTER VI 


CONCLUSIOWS AND SCOPE FOR FTRTHER WORiC 


6 , 1 iConclusions 

Radiotrncer tecliniaues been Gmp 3 .o 3 ^ed for the 

investigation of feed effects. Feed parameters n 2 s ^2 
(2.5)) were deduced by performing multifeod tests as discussed 
in Secs. 3.1, 4-. 3 . 2. Values of these parameters were comnared 
with the values obtained bj’- extending, the multispeed testing 
approach (Secs. 3 . 2 , ^.3.3)- it was found that, owing to 
statistical errors (typically +■ 8 X) , there was significant 
scatter in the experimental data. This scatter was reflected 
in the comparison of n 2 > ^2 but, nevertheless, reasonable 

agreement was obtained. 

For separating flank and crater components of total 
volumetric wear, a novel method has been proposed taking 
advantage of the different characteristic variations of flank 
and crater wear with cutting time (Secs. 3.3? ^.3.5"). Experi- 
mental validation of the proposed method was obtained by 
carrying out a single speec3/feed test and comparing deduced 
flank, crater components of the total wear with actual resuH.ts 
from the Hake-Opitz method of separation. 
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The Hake-Opitz method, though widely used in ra.dio- 
actiwe tool testing, has certain shortcomings. Tliese ares 

(i) difficulties in the accurate setting of twin tools, 

(ii) uncertainity in the effective feed values obtained, and 

(iii) the need for separate counting of flank, crater chip 
samples. J0.1 these difficulties are eliminated in the proposed 
method, wherein a single radioactive tool is employed and a 
single set of chip samples is obtained for counting. 

The proposed method was also applied to a multifeed 
test using a single tool, and deduced tool -life results for 
flank and crater wear were compared with results obtained from a 
similar test emplo3?'ing the Hake-Opitz method. Considering that 
the experimental data from this miJiltifoed test was limited in 
extent as well as statistical accuracy, the agreement obtained 
was reasonable. By reanalysing some earlier conducted experi- 
ments (0T1, 0T2, ^ec. if "was shown that considerably 

more consistent tool -life values can be deduced when the 
inverse wear- rate curves are better defined. 

6.2: Scope for Further Work: 

It has been presently shown that multi- speed tests 
can be extended to yield feed parameters which are consistent 
with values from multi-feed tests. A further possible extonsion 
of multispeed testing would be the deduction of depth-of-cut 
effects, assuming Eon. (2.2) to bo valid. Just as two 
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multispeed tests with different constant-feed values (hut 
same depth of cut, d) have been shown to give ^2 and 02 ? in 
like manner two multispeed tests with different d-valuos (hut 
same constant feed) would vield depth of cut parameters. TI'^uis 
in principle, three multispeed tests could give information 
on all the three exponents of Eqn. (2,2). 

The development of a single wear criterion for toc3.- 
life evalua,tion has been suggested by several workers, e.g. tlU-Il. 
Total volumetric wear is an obvious choice, particularly in 
radio active -tool testing. The arguments against the use of this 
single criterion, however, are that infomation on the rolabivo 
importance of flank and crater effects is not obtained. Tho 
presently proposed method for deducing the separate contributions 
of flank and crater should strengthen the case for the usage 
of total volumetric wear as a single criterion, A considerable 
amount of experimental data with different tool/work combination 
and over a sufficient range of cutting conditions is, however, 
needed for validating the present approach and for developing 
the single-criterion concept further. 

Considering that orthogonal cutting conditions (i,o. 
using tubes) wore employed throughout the present work it 
would be meaningful to validate the proposed methods under 
the more practical conditions of restricted orthogonal cutting. 
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Fig. 3'2 Inverse wear-land growth 
rate curves 
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Fig 3-4 Effect on tool lives with 

(a) Total volume criterion 

(b) Crater volume criterion 
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Fig. 4-1 Radiation levels in mR/hr during 
the machining tests 
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Fig. 4-2 Block diagram of twin Na I scintillation counter S 2 t up. 


















Cutting speed =23'0m/min. 
Tube thic kness =1*42 mm 



(10 counts = 0-397 Mcc \t^) 

Inverse crater wear volume growth rate curves 
for multifeed test 2 


Cutting speed = 23-0 m/min. 
Tube thickness^: 1 -4 2 mm 



(103 counts=0-397 ajcc W) 

[nverse total wear volume growth rate curves for 










Feed = 0*080 m m/ rev 
Tube thickness = 1-41 mm 
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Fig. 5-12 Inverse total wear volume growth rate curves for 
muttispeed test 2 
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Fid. 5-14 Wear qrowth curves for the work materia 


Feed =0*94 mm/rev. 
Cutting speed = 22'6 m/min 
Tube thickness^ 1*40 mm 
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Fig. 5i6 Inverse crater wear volume growth rate 
for single speed/feed test 
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Fig.5:*l7 Inverse total^wear volume growth rate curve for 
single speed/feed test 
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Fig.5‘21 Square- of- wear- rate curves for multi feed 
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Feed =0*062 mm /rev. 
Cutting speed =33*2 m/min 
Tube thickness = 1*29 mm 
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Fig. 5-25 Square -of- wear- rate curves for other test 
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